The Perkin-Elmer Corporation, M.S. .56 and M.S. 90.5, Norwalk, Connecticut 06856, USA Perkin-Elmer defines the term 'computer-aided chemistry' as the application of a computer, of any size, to the solution of an analytical chemistry problem. More specifically, the computer is a tool which is applied to tasks of either a tedious, repetitive, or very complex nature so that the analytical chemist is freed to apply his reasoning power. This paper was prepared for a session on 'Solving the laboratory management problem' at the 1983 Pittsburgh Conference and the authors were asked to contemplate the future laboratory applications for this extremely important tool. The time allotted was 30min, so the article focuses on only the most significant applications among those that Perkin-Elmer is working on.
The decade of the 70s was the microprocessor era. Its advent was so rapid that today, as we all know, almost every instrument offered by every company contains one. The microprocessor has had the greatest impact of any single technological innovation on the proliferation of analytical chemistry applications. Perhaps the most obvious reason is that its ability to distill raw data has allowed certain techniqaes--for instance, mass spectrometry--to become more widely applicable. More important, however, has been the microprocessor's ability to automate analyses, thereby reducing costs. A comparison of costs for a typical gas-chromatography analysis over the 10-year period between 1972 and 1982 indicates that not only is the instrument much cheaper, excluding inflation, but the variable cost per analysis differs by a factor of six. This tremendous cost reduction triggered a series of events leading to a great increase in the importance of analytical chemistry:
Lower costs (and regulatory requirements) More applications and more demand for analyses More demand for automation Even lower costs etc.
Many laboratory managers with whom laboratory information management has been discussed have indicated that their sample load increased by a factor of 10 or more during the 70s, yet the total headcount did not even double.
Microprocessors are becoming more powerful and so they will continue to lower costs. However, the era of the microprocessor is coming to a close, and the era of the micro and mini is just beginning.
Definitions
Before going any further, several terms need to be defined. First, there are two classes of laboratory data:
(1) Management information: sample load, backlog of samples, turnaround time and cost per analysis for example.
(2) Analytical or scientific data, for example data from an instrument.
It is also necessary to define the concepts of distributed and centralized processin,q.
'Centralized processing' means that a minicomputer collects raw data from instruments, through an analogue-to-digital converter, processes the data, and produces reports (see figure 1 ). An example is Perkin-Elmer's Chromatography Laboratory Automation System (C/LAS), which can collect data from more than 70 chromatographs simultaneously, reduce the data, and store results within a data-base. Essentially, it is a huge, multichannel integrator.
'Distributed processing' is a buzzword which can have several definitions. There are two significant meanings that apply to laboratory computing. First, distributed processing has figure 2) . The trend toward this type of distributed processing, which has significant ramifications for laboratory computing, is discussed later in this paper. Next, consider the argument in favour of raw data storage.
Microcomputers are now shipped with 10megabyte disks, and 20 MB will be routine within the next year. Two years ago the maximum disk storage on the most popular minicomputer for chromatography was 20 MB.
The earlier discussion of QC labs pointed out the high sample throughput and the resulting importance ofdata storage, methods storage, and the increasing demand for management information (presented earlier). These requirements can be satisfied by a properly implemented Laboratory Information Management System, or LIMS, which utilizes data-base management technology. This requirement is distinctly different from the huge multichannel integrator that has served QC labs in the past. The multichannel integrator has a 'real-time' component; that is, the processor must be available to service each analogue-to-digital converter as it becomes ready to pass data to the minicomputer, otherwise data will be lost. Therefore, the data-collection task must be a high-priority, or 'foreground' task. Conversely, the LIMS tasks--for example, accessing the data-base at a terminal to check on a sample's status or to print a worklist for a department--must be low-priority, or 'background', tasks. If a minicomputer is set up for both types of tasks, there must be additional software 'overhead'; one program services the data collection and schedules other programs for post-run data collection and reduction. Another set of programs satisfies the requests from terminals. There is a 'technological envelope' which describes the minicomputer's ability to collect dca from numerous instruments, yet provide an adequate response time at any terminal. Even on a superminicomputer, an analytical laboratory can easily go beyond this envelope. It is far preferable to separate the tasks ofdata collection and terminal requests by running them on separate processors. One obvious way to do this would be to collect data on one minicomputer, passing on the distilled information to a second minicomputer, which is providing management information (see figure 3) .
A second means for separating the tasks is to do data collection/reduction on dedicated micros, which pass on the reduced data and, ifdesired, raw or processed data for long-term storage (see figure 2). In this configuration, it would be desirable to allow down-line loading of programs from the supermini to the micros. That is, a program could be compiled on the supermini, and the object code down-loaded and run on the micro, as required.
The second scheme has several important advantages over the first:
(1) A microcomputer at each instrument which allows greater flexibility for the operator, as needed.
(2) Processor redundancy. Since the arguments overwhelmingly favour distributed processing, we feel that the configuration shown in figure 2 will appear in most medium-to-large sized laboratories over the next five to 10 years. Smaller labs may find their needs satisfied by a dedicated supermini doing both data collection and data-base management.
The R&D lab, which lies at the other end of the computing spectrum, will also favour distributed processing. R&D personnel usually desire the flexibility of dedicated, programmable micros, because it is easier to adapt the computer to each type of sample--and the range ofsamples may be very wide.In the past, however, a minicomputer was often needed for power and for archiving.
The new high-end micros, especially those that are 68000-based, can now satisfy most of the 'power' requirements. Also, their operating systems are much easier to deal with than the OS of the mini.
R&D labs will continue to use minicomputers for cataloging and archiving samples (i.e. an electronic lab notebook), and for large-scale modelling and correlation studies. The ability to compile a program on a mini and down-line load it is obviously also important.
One of the keys to distributing data-processing--for both QC and R&D labs--will be data-communications technology, especially Local Area Networking (LAN), which is discussed later.
Microcomputer trends
The increasing applicability of micros due to their rapidly increasing power and storage capabilities and diminishing cost has already been discussed. However, there is a lot more to micros than hardware. Perkin-Elmer feel very strongly that the major key to the proliferation of micros is applications.software. This statement appears so frequently in journals, newspapers--even TIME Magazine--that it seems silly to repeat it. Yet, there are still many laboratory people who buy a computer based upon the hardware alone or upon the name tag. In the latter case, the hope is that the large company selling it has such a large user library that there will be a program somewhere that fits the application perfectly. This is seldom true, because user-library programs are notoriously inflexible, poorly documented and improperly debugged.
Within the past year, there has been a considerable move toward 'standardization' among the microcomputer vendors--especially on hardware. New micros--almost invariably--are based upon a Motorola 68000 or an Intel 808X. Though proceeding more slowly, there is also a move toward standardizing on operating systems: a UNIX OS or similar OS on the 68000 and CP/M-86 or MSDOS on the Intel chips. Due to the emerging standards on microcomputer hardware and systems software, hardware is fast becoming a commodity.
Application software, however, is far from a commodity. Over the past years, Perkin-Elmer has mounted a major effort to create applications software for analytical chemistry in all nine of the major product lines. The trends we see boil down to the following areas:
(1) Ergonomics-- 
Ancillary software
Over the past year, we have discovered a remarkable increase in the demand for business-computer-type software, especially word processing. Analytical laboratories do a great deal of report generation, and so word processing heads the list.
The meaning of 'word processing' to a scientist differs from the meaning to a secretary in that the package must be extremely easy to use and, generally, less sophisticated. Other important packages for general use include data management (for general record-keeping), spread sheet packages (for example VlSICALC) for manipulating rows and columns of numbers, statistics and business graphics (pie charts, histograms etc.). Most laboratory microcomputer vendors will probably offer such packages over the next few years.
Minicomputers
We will now leave the microcomputers and move on to level 3--the superminicomputer.
In defining the roles of the micro and the supermini, we arrived earlier at several tasks to which the supermini will be applied in analytical laboratories:
( The least straightforward item in the list above---and also the item that will have by far the greatest impact on analytical labs--is laboratory information management.
transcend those gained from the traditional use of a minicomputer for collecting and reducing analytical data. Now that powerful 32-bit hardware is available for less than the cost of some analytical instruments, the key to the future of laboratory information management lies in the applications software. Most 32-bit minis already offer excellent operating systems and data-base management packages. However, these 'tools' must be combined with higher-level software that makes it easy to create the benefits listed in table 2. Figure 4 illustrates the software structure of Perkin-Elmer's LIMS/2000, which contains a very flexible user interface which buffers the applications software from the systems software.
Laboratory Information Manayement Systems (LIMS)
A LIMS is a data-base management system designed specifically for a laboratory and running on a supermini. An example is Perkin-Elmer's LIMS/2000, which has now been on the market for two years. Its goal is to harness the flow of information in a laboratory so that the laboratory's primary goals can be achieved: high analysis quality, fast sample turnaround, and the productive use of resources. Each sample is logged into the system as it enters the laboratory, and, as each analysis is completed, the results go into the data-base.
The benefits that accrue from a LIMS are enormous, as indicated by the list in table 2. Obviously, these benefits far 
